ABSTRACT A new single breath test has been developed that measures pulmonary blood flow (Qc) and pulmonary tissue volume by using the fact that is proportional to the relationship between the absorption rate of acetylene (C2H2) from the alveolar gas and the rate of change of lung volume during constant expiratory flow. To make these measurements a bag in bottle system with a rolling seal spirometer, a mass spectrometer, and a minicomputer with analogue to Non-invasive tests of cardiopulmonary function based on soluble gas absorption were developed early in this century.'-3 Widespread application of these tests, however, has occurred only in the case of the diffusing capacity of the lung for carbon monoxide (TLco).4 The measurement of pulmonary capillary blood flow (Qc) (total cardiac output minus anatomical shunt) has not been widely used, probably because most available techniques are time consuming, cumbersome, or of uncertain reliability. The uncertainty is attributable either to lack of a firm theoretical basis, to lack of clinical validation, or to the unknown effects of breathing manoeuvres and regional maldistribution of function on the
output measured by thermodilution was 5 30 (1.31) /min. The mean difference between the two estimations of cardiac output was 0-03 1 and the standard deviation of this difference was 0.76 1. The Qc technique was not successful in patients with an FEV1/FVC less that 60%, but seemed to be accurate in those with higher FEV1/FVC values. Correction of Qc for the effect of venous admixture in 14 patients resulted in an average 19% overestimation of cardiac output (6.01 (2.52) l/min v 5-05 (1.64) I/min). It is concluded that cardiac output can be accurately measured in patients with cardiac or mild pulmonary disease. No correction for venous admixture due to ventilation-perfusion mismatch was necessary in these patients, presumably because the large breath used by the technique overcomes most mild ventilation-perfusion maldistribution. These findings, in addition to the non-invasive nature of the technique, suggest potential value for the measurement of cardiac output in various clinical conditions. Non-invasive tests of cardiopulmonary function based on soluble gas absorption were developed early in this century. '-3 Widespread application of these tests, however, has occurred only in the case of the diffusing capacity of the lung for carbon monoxide (TLco). 4 The measurement of pulmonary capillary blood flow (Qc) (total cardiac output minus anatomical shunt) has not been widely used, probably because most available techniques are time consuming, cumbersome, or of uncertain reliability. The uncertainty is attributable either to lack of a firm theoretical basis, to lack of clinical validation, or to the unknown effects of breathing manoeuvres and regional maldistribution of function on the We have recently introduced a constant expiratory flow single breath technique that is based on analysis of the changes in alveolar gas absorption which occur during individual phases of respiration. This method has a sound theoretical basis8 and will be shown below to allow rapid and accurate measurement of cardiac output. In this study we compared pulmonary capillary blood flow measurempents obtained by the single breath technique with cardiac output measured simultaneously by a thermodilution technique in patients with cardiovascular and, in some instances, mild pulmonary disorders.
Methods

THE PATIENTS STUDIED
The study group (table) In 10 patients the determination of Qc by the single breath technique was performed first and was immediately followed by cardiac output determination based on the thermodilution technique. In the other 10 patients the thermodilution cardiac determination was made first. All studies were performed with patients in the supine position.
CALCULATION OF VENOUS ADMIXTURE
The venous admixture was calculated from the standard shunt formula'0 in the 14 patients in whom arterial blood gas data were available. Alveolar oxygen tension was calculated from the alveolar gas equation'0 and assumed to be equal to pulmonary capillary oxygen tension, from which pulmonary capillary oxygen saturation was calculated. The arteriovenous oxygen content difference was assumed to be 4 5 ml oxygen/100 ml blood.
STATISTICAL ANALYSIS
Regression analysis was performed on the values of pulmonary capillary blood flow and cardiac output.
To assess the effect of correcting Qc for venous admixture on the comparison with cardiac output, data are expressed as means and standard deviations (in parentheses).
Results
The close relationship between cardiac output as determined by the thermodilution technique and pulmonary capillary blood flow as determined by the single breath technique is shown in figure 4 admixture. '9 Recently Denison and colleagues20 have reported the use of a single breath technique based on calculation of Qc during expiration over small volume changes. This approach has been contrasted with the other techniques used for the related measurement of diffusing capacity. 8 Several factors may limit the clinical application of the single breath technique for the assessment of cardiac output. One is the need for expensive equipment such as the mass spectrometer and computer. Another is the need to wait 15-20 minutes between determinations for washout of acetylene. Furthermore, the method is inaccurate in patients with more than mild pulmonary functional alterations.
We have shown that measurement of pulmonary capillary blood flow by a new single breath technique can provide an accurate estimate of cardiac output in patients with cardiovascular or mild chronic obstructive pulmonary disease or both. Correction for the effect of venous admixture using arterial oxygen values is unnecessary. The accuracy, reproducibility, and simplicity of the single breath constant expiratory procedure suggest that it may prove to be a useful technique for the non-invasive determination of cardiac output in normal subjects as well as in patients with cardiac or mild pulmonary disease.
